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Abstract
An aging study was perfornmd t,o deternfine the
stability of YBa2CuaO7-z ceranfics in humid environ-
ments at 20°C. In this study, fired ceramic specimens
were exposed to humidity levels ranging from 30.5
to 100 percent for 2-, 4-, and 6-week time intervals.
After storage under these conditions, tile specimens
were characterized hy X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), and electrical resis-
tance measurements.
At every storage condition evaluated, tile fired ce-
ramics were found to interact with H20 present in the
surrounding environment, resulting in the decompo-
sition of the YBa2CuaOT-z phase. XRD data showed
that BaCO3, CuO, and Y2BaCuO5 were present af-
ter aging and that the peak intensities of these impu-
rit.y phases increased both with increasing humidity
level and with increasing time of exposure. Addition-
ally, SEM analyses of the ceramic microstructures
after aging revealed tile development of needle-like
crystallites along the surface of the test specimens
after aging.
Furthermore, the superconducting transition tem-
perature Tc was found to decrease hoth with in-
creasing humidity level and with increasing tilne
of exposure. All the specimens aged a.t 30.5, 66,
and 81 percent relative hunfidity exhibited super-
conducting transitions above 80 K, although these
values were reduced by the exposure to tile test con-
ditions. Conversely, the specimens stored in direct
contact with water (100 percent relative hulnidity)
exhibited no superconducting transitions.
Introduction
Since the discovery of tile YBa2CuaO7-x high-
temperature superconductor compound (ref. 1), sev-
eral difficulties have been encountered in inanufae-
turing and storing these materials because of their
chemical instability in the presence of water. The
chemical instabilty of this superconducting phase
both in high-hmnidity environments and in direct
contact with water at. temperatures ranging from 25 °
to 80°C has been the subject of several studies
appearing in the technical literature (refs. 2 8).
In an X-ray diffraction study of the decompo-
sition of tile superconducting phase in water, Yan
ct al. (ref. 2) found that the YBa2CuaOT-z super-
conducting phase decomposes into Y2BaCuO5,
BaCO3, and CuO when exposed to aqueous
environments by the following two-stage reaction:
(1)
2YBa2CuaO7-z + 3H20 --+ Y2BaCuO5
1 o
+ 3Ba(OH) 2 + 5CuO + _ 2
and
(2) Ba (OH)2 + CO2 ---, BaCO3 + H20
In this study, the YBa2Cu307-x phase was found to
decompose upon direct contact with water at 25°C
as well as upon exposure to high relative humidity
levels at. elevated temperatures (85°C at 85 percent
relative humidity).
In another study, Fitch and Burdick (ref. 7) ex-
amined the microstructures of YBa2CuaO7-z ceraln-
ics after 4 hr of exposure to 100 percent relative
humidity at 80°C. They found that the percent-
age of superconducting phase present had been re-
duced by approximately 60 percent and that see-
ondary phases had developed in the grain boundaries.
These secondary phases were identified as BaCO3
and Y2BaCuO5 by X-ray diffraction. Nlrthermore,
SEM analyses of the microstructures of the corroded
specimens revealed the development of needle-like
crystals both on the surfaces of tile grains and along
the grain boundaries.
Tile decomposition of the superconducting phase
by water is thought (refs. 2 8) to be due to the leach-
ing of Ba from the ceramic to form Ba(OH)2 along
the surface of the ceramic. As Ba(OH)2 is produced,
Y2BaCuO5 and CuO are sinmltaneously formed as
the decomposition reaction proceeds. Upon expo-
sure to atmospheric conditions, the Ba(OH)2 present
on the surface of the test specimens is converted
to BaCO3 by tile interaction of the hydrated phase
with CO2 present in the atmosphere, as described by
reaction (2).
The decoinposition of YBa2CuaO7-x ceramics in
the presence of water has been compared (ref. 6) with
the dissolution of alkali silicate glasses and calcium
silicate cements. In general, when these materials are
exposed to water, a water-solubleelement reacts with
hydronium ions in the water to form a metal hydrox-
ide (e.g., M(OH)) layer on the surface of the ceramic
(refs. 9 and 10). Typically, these reactions take place
along the grain boundaries in polycrystalline ceram-
ics, and the reaction layer becomes thicker as the
time of exposure increases (ref. 11).
In this report, the chemical stability of
YBa2CuaOr-x ceramics is evaluated at relative
humidity levelsrangingfrom 30.5to 100percent
for up to 6 weeksat 20°C to determinethe ef-
fect.sof long-termstorageon thesematerials.Af-
ter exposureto thehumidenviromnents,thesuper-
conductivespecimenswereevaluatedbyCu-k(_X-ray
diffraction,scanningelectronmicroscopy,andstan-(larddc four-proberesistancemeasurenlentsto de-
terminetile effectsof tileexposureconditionson the
superconductingmaterials.
Experimental Procedure
Synthesis of Y-Ba-Cu-O Superconductors
The YBa2CuaOT-x compound used in this work
was produced by the solid-state reaction of Y2Oa,
BaCOa, and CuO in a maturer similar to that de-
scribed by Cava et al (ref. 12). In this process, stoi-
chiometric blends of the precursor powders were ball
milled for 30 min in deionized water. The powder was
subsequently poured into a stainless steel pan, dried,
pressed into loose compacts, and calcined for 8 hr
at 900°C. Upon cooling, the colnpacts were crushed
with a mortar and pestal, pressed, and calcined a,s
before. This procedure was repeated a total of three
times.
After tile calcining treatments, the crushed pow-
der was ball milled in acetone for 2 hr and dried.
The test. specimens for the aging experiments were
prepared by pressing the milled powder into 2.5-cm-
diameter disks at 7 MPa and firing to 950°C for
8 hr in air. Tile sintered disks were then annealed
in flowing oxygen at 650°C for 15 hr to produce the
superconducting phase.
The resulting disks were cut into rectangular spec-
imens approximately 0.2 cm thick with a diamond
saw. Some of these specimens were characterized
prior to aging by using Cu-k(_ X-ray diffraction, dc
four-probe resistance measurements, and scanning
ele('tron microscopy to ensure t)hase purity in the
_s-produced ceramics.
Exposure to Humid Environments
Once produced, the YBa2CuaO7_x specimens
were stored in sealed containers with controlled hu-
midity levels. Constant relative humidities of 30.5,
66, and 81 percent were produced by placing so-
lutions with excess amounts of NaC1, NaNO2, and
(NH4)2SO4, respectively, in sealed desiccators
(ref. 13). To determine the effects of 100 percent rel-
ative hunfidity, YBa2Cu3OT_, specimens were stored
in deionized water during tile test period. Super-
conductive specimens were placed in the four
constant-hmnidity chambers for 2-, 4-, and 6-week
2
periods to determine the effects of exposure to the
humid environments over time.
Characterization of Aged Specimens
After aging at the controlled humidity levels,
the specimens were characterized by Cu-ke_ X-ray
diffraction (XRD) to identify any secondary phases
that may have been produced during the exposure
period. Particular emphasis was placed on tile pres-
ence of BaCO3 ill the diffraction patterns, as Ba is
tile most likely of the three metal ions ill the super-
conductive compound to react with the humid en-
vironment. Scanning electron microscopy (SEM)
analyses were also performed on the specimens after
aging to determine the effects of the various storage
conditions on tile microstructure.
Additionally, de four-probe resistance measure-
ments were performed on each ceramic specimen
after aging to identify any degradation of the super-
conducting transition temperature To. In these
analyses, particular attention was given not only
to the vahm of To, but to the width of the super-
conducting transition, as wide transitions are of_
ten observed for superconducting nmterials with
impurity pha.ses present.
Experimental Results
Synthesis of Y-Ba-Cu-O Superconductors
The solid-state synthesis technique employed
resulted in the fornmtion of phase-tmre super-
conductive materials as demonstrated by X-ray
diffraction and de four-probe measurement results.
The XRD pattern obtained for the _s-produeed ce-
ramics was in agreement with those reported in the
technical literature (ref. 12). Furthermore, the re-
sistance measurements show that the specimens pos-
sess sharp superconductive transitions above 90 K
(To,zero = 91 K).
The SEM analyses of the as-produced specimens
show that the YBa2CuaOT-x eeramics possess ran-
domly oriented, rectangular grains typically observed
for this compound (ref. 14). An XRD pattern,
a resistance-versus-temperature plot, and an SEM
micrograph for the as-produced nmterials are shown
in figures t to 3, respectively.
XRD Analyses of Aged Specimens
The XRD analyses of the sut)erconducting ce-
ramic specimens stored at a constant relative hu-
midity of 30.5 percent indicate that after 2 weeks
of exposure, small quantities of BaCOa were present.
In this instance, the most intense peak attributable
to the presence of BaCOa (at diffraction angle
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Figure l. XRD pattern of YBa2Cu:_OT-,. produced by solid-
state synthesis technique.
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Figure 2. Resistance-versus-temperature ph)t of as-produced
YBa2Cu307-,r.
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Figure 3. SEM micrograph showing the rectangular grain
structure of as-produced YBa2CuaOT-.r ceramics.
20 = 23.9 °) was 2.5 percent that of the most intense
YBa2CuaO7-x peak (20 = 32.4°). The intensity of
this peak was found to increase as the exposure time
to this humidity level increased. After 4 weeks of
exposure, the peak intensity was 5.8 percent of the
largest YBa2CuaOT-x peak, and after 6 weeks it was
6.5 percent of the largest YBa2CuaO7-a_ peak.
Similar XRD patterns were obtained for the spec-
imens aged at 66 and 81 percent relative humidity.
At these two humidity levels, the peak intensity of
the BaCO3 peak was also found to increase with re-
st)eet to that of the most intense YBa2CuaO7-x peak
as the exposure time was increased. The largest val-
ues for the ratios of the most intense BaCOa peak to
that of the most intense YBa2CuaO7-ar peak (I/Io)
were 17 percent for the speeiinens stored at 66 per-
cent relative humidity for 6 weeks and 20 percent for
the specimens stored at 81 percent relative humidity
for (i weeks.
In addition to the formation of BaCOa, peaks at-
trihutable to the presence of Y2BaCuO5 and CuO
were identified on the surface of the specimens aged
longer than 4 weeks at 66 percent relative humidity
and longer than 2 weeks at 81 percent relative hu-
inidity. The relative peak intensities for these con>
pounds were less than those attrilmtable to BaCOa,
although the intensities of these peaks also increased
as the time of exposure to the hmnid environment
increased.
The specimens stored in direct contact with
deionized water (100 percent relative hmnidity) were
found to possess larger quantities of BaCOa than
those stored at lower humi(tity levels. After 2 weeks
of exposure to deionized water, the value of I/Io
was found to be 18 percent. This value was
found to increase to 23 percent after 4 weeks,
and after 6 weeks of exposure, the nlost intense
peak observed in the XRD pattern was that of
BaCOa (I/Io = 100 percent). In this ease, peaks for
Y2BaCuO5 and CuO were also identified. The vari-
ous phases identified in the XRD analyses are given
in table 1. l%lrthermore, the relative peak inten-
sities I/Io for each of the experimental conditions
are plotted against the time of exposure in figure 4.
The XRD data for each experimental condition are
provided in appendix A.
SEM Analyses of Aged Specimens
The SEM analyses of the samt)les aged at various
humidity levels show the loss of the superconductive
microstructure (see fig. 3) and the growth of small,
needle-like erystallites, presumably BaCOa, on the
surfaces of the aged specimens. The formation of
these crystallites on the surface of a YBa2CuaOT-x
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Table 1. Secondary Phases Identified by XRD Analysis
anti Their Relative Peak Intensities After Exposure
to Various Humidity Levels
Relative
humidity,
percent
30.5
30.5
3(1.5
66
66
66
81
81
81
100
100
100
Exposure
time,
weeks
Secontlary
phases
identified
BaCOa
BaCO3
BaCOa
BaCOa
BaCOaY2BaCuO5
BaCO:_Y2 BaCuO5
BaCOaCuO,
Y2BaCuO5
BaCO3CuO,
Y2BaCuO5
BaCOaCuO,
Y2 BaCuO5
BaC()aCuO,
Y2BaCuO5
BaCOaCuO,
Y2 BaCuO5
BaCOa CuP,
Y,)BaCuOr,
Peak
intensities
percent
2
5.6
6.5
10
11
13.5
11.5
16.7
2O
15
25
100
1.2
1.0
.8
_.6
.4
.2
0 8
Relative humidity,
percent
o 100 /
0 81 /
: G/
2 4 6
Exposure time, weeks
Figure ,l. Relative peak intensities I/Io for superconducting
specimens stored under various relative humidity levels.
specimen stored at 66 percent relative humidity for
6 weeks is shown in figure 5. In this micrograph, the
degradation of the surface of the ceramic is shown.
L-93-20
Figure 5. SEM micrograph showing fl)rmation of small,
needle-like grains (bottom ri0,ht) (m surface of
YBa2Cu:_OT-_ specimen store(i at 66 pt!rcent relative
huInidity for 6 weeks.
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Figure 6. SEM micrograph showing formation of BaCOa crys-
tallites on surface of YBa2Cu307-a. specimen stored at
100 percent relative humidity for 2 weeks (magnified 3000
times).
Similar microstructures were also observed for spec-
imens aged at relative hunfittity levels between 30.5
and 81 percent.
The specimens stored in direct contact with water
decomposed much faster than those stored at lower
humidity levels. The more pronounced growth of
these crystallites is shown in figure 6, in which the
presence of 1 2-#m crystallites along the surface of
the test specimen is observed.
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As tile time of exposure to the 100 percent rela=
tive humidity was increased, the size of the crystals
observed oil tile surface of the specimens also in-
creased. The continued growth of the crystallites is
shown in figures 7 and 8 for specimens aged in de-
ionized water for 4 and 6 weeks, respeet iw_ly. The
microstructures shown in figures 6 through 8 are simi-
lar to those reported by Bansal and Sandkuhl (ref. 4),
who studied the effects of exposure to high humid-
ity levels (85 100 percent) at temperatures ranging
from 25 ° to 55°C.
L-93-22
Figure 7. SEM micrograph illustrating continued growth of
BaC()3 crystalliles on YBa2Chl:l()7-.r Sl)ccimen stored at
100 p(_I'C(_lll _ relative humidity for 4 wc{!ks.
Results of dc Four-Probe Resistance
Measurements
Like the XRD results, the resistance measure-
ments show that the exposure to each of the ex-
perimental conditions resulted in degradation of the
superconducting specimen. At each relative humid-
ity level tested, both the temperature of the onset
of superconductivity (To,onset) and the temperature
at which zero resistance is obtained (To,zero) were re-
duced after several weeks of exposure to the humid
environments. (See table 2.)
Table 2. Values Z_.,)_,_,q and T_.,_(,ro for YBa2Cu307-:,:
St)ecimens Stored in thmfid Environlnents
Relative
humidity.
porC(_llt
30.5
30.5
30.5
66
66
66
81
81
81
100
100
100
Exposure
tilll(?,
%vo(_ks
92
91
89
92
92
91.5
W¢ ,zpro
88
87.5
86.5
87.5
88.5
87
91 87
88.5 85
86 82
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Figure 8. SEM micrograph of (tecomt)osition product.s Mong
surface of YBa2Cu3OT-:r specimen stored at 100 percent
relative hunfidity for 6 weeks.
The superconducting transition temperature of
the specimen stored at 30.5 percent relative humidity
for 2 weeks decreased from 91 to 88 K, although the
temperature of the onset of superconductivity was
unchanged. After 4 weeks of exposure at 30.5 percent
relative humidity, the values for To,onset and To,zero
were decreased to 91 and 87.5 K, respectively. After
6 weeks of exposure at this hulnidity level, the va.hms
of To.onset and To.zero were further decreased to 89
and 86.5 K. Resistance-versus-temperature plots for
the specimens aged at 30.5 percent relative humidity
are shown in figure 9.
The resistance-versus-temperature plots for the
specimens stored at 66 and 81 percent relative hu-
midity were similar to those of the ceramics stored
at 30.5 percent. In each instance, the values for
T,:,ons_,t and To,zero were reduced from the values
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Figure 9. Resistance-versus-h,u4)eratur e plot of super-
ucting specimens aged at 30.5 percent relative
iditv
of the as-produced material. The resistance-versus-
temperature data obtained tbr these specimens are
shown in figures 10 and 11.
None of the specimens aged in direct contact
with water (100 percent relative humidity) were
found to exhibit a superconducting transition. This
result was anticipated from the XRD studies, which
show that these specimens are composed primarily of
decomposition products.
Discussion
The interaction of YBa2CuaOT-z with water
present in the sealed containers resulted in the
chemical decomposition of the superconductive ina-
terial and an associated reduction of the super-
conducting transition temperature Tc of the test
specimens at every humidity level tested. After
2 weeks of exposure at 30.5 percent relative humidity,
the presence of BaCOa was detected on the surface
of the specimen by X-ray diffraction. Although the
SEM analyses showed little degradation of the nficro-
structure, the resistance-versus-temperature inea-
surements show that To,zero was reduced from 91
to 88 K. These results indicate that exposure to
ambient conditions for relatively short periods of
time may, adversely affect the properties of the ce-
ramic. FSlrthermore, these results indicate that ex-
posure to low hunfidity lew_ls can cause degradation
at room temperature, affecting long-term storage of
the materials.
As the time of exposure and the humidity level
increased, the ceramics reacted more vigorously with
tim water vapor present to form BaCOa on the
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Figure 10. Resistance-versus-temperature plot. of super-
conducting specimens aged at 66 percent relatiw_
hunfidity.
15-
_10E
0
C
.__
_.)
rr 5
Exposure,
weeks __
o 2 ""
o 4
A 6
O000000000
Z_ 0
-- _ []0 I_ OniTO0 000 []O
[]
[]
0 0
[] 0
[]
[] 0
0 _oo n° I I
80 85 90 95
Temperature, K
Figure 11. Resistance-versus-temperature plol of super-
conducting specimens aged at 81 percent relative
humidity.
surface of the superconductor, as described by Yan
et al. (ref. 2). As this decomposition results in the
deposition of impurity phases (e.g., Y2BaCuO5 and
BaCOa) along the grain boundaries of the ceramic,
the electrical properties of the material will decline
(ref. 7). The decrease in the electrical properties
is attributable to the presence of these impurity
phases in the grain boundaries (ref. 15), which are
already considered to be electrical "weak links" in
the superconducting ceramic (rcf. 16).
The relationship between the degradation of
the superconductive transition t.emperature with
increasingimpurity phaseconcentrationsinay be
best illustratedby plottingtile relativepeakinten-
sityofttlelargestBaCO3peaks(I/Io) fromtheXRD
evaluationversusthecorrespondingTo,zero vahles of
the ceramics stored between 30.5 and 81 percent rel-
ative humidity, as shown in figure 12. In this graph,
the humidity level at which tile specimens were stored
is not taken into account. Nevertheless, the graph
indicates that the reduction of the superconducting
transition temperature is a function of the impurity
phase concentration.
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Figure 12. [{_4ationship bet.ween Tc,z,,r,, and relative peak in-
tensit',' I/Io for barium carbonate I)rescIlt in test speci-
mens st{_r{'d at 30.5, 66, and 81 l)(_rc(uit relat.ive hmnidity.
In each of the experiments, the XRD and dc
four-probe resistance measurements show a decreas-
ing superconducting transition t.emperature with
increasing BaCO3 peak intensity (I/Io). This corre-
lation was not observed for tile specimens iImnersed
in water, as shown in figure 4. For example, the XRD
results Obtained for specimens immersed in water for
2 weeks show that the value of I/Io is 15 percent,
which is similar to that for specimens stored at other
conditions (e.g., I/Io = 16.7 percent for specimens
stored at 81 percent relative humidity for 4 weeks).
However, no evidence of superconductivity was found
in these specimens by dc four-probe analysis.
This combination of results indicates that the
reactive nature of the liquid/solid and vapor/solid
interfaces is different. The interaction along the
vapor/solid interface results in the direct deposi-
tion of BaCO3 along the surface of the test spec-
imens. Conversely, the leaching of Ba from the
YBa2Cu307-z ceramics results in both BaCO3 pro-
duced on the surface and Ba ions lost in solution,
which are not accounted for in the XRD results.
Thus, in the previously mentioned example, super-
conductivity is lost altogether, although the XRD
results show BaCO3 levels indicative of a specimen
that should possess a superconducting transition.
Concluding Remarks
The combined results show that H20 present
in the atmosphere at 20°C reacts with the
YBa2CuaOT-x compound to form BaCO3, CuO,
and Y2BaCuO5 on tile surface of the ceramics, as
previously described in the technical literature.
In this study, reduction of the superconducting
transition temperature was found to correlate with
tile presence of BaCO3 and other impurity phases
on tile surface of the ceramic. The presence of these
impurity phases on the surface of the test specimens
was identified by X-ray diffraction and SEM analy-
ses. The decrease in the superconductive transition
temperature is due to the deposition of insulating
dec()mposition products along the grain boundaries,
flirt.her reducing intergranular connectivity.
The significant result of this study is that these
interactions take place at such low relative humid-
ity and temperature combinations that storage of
superconductive devices may be a key issue in the
use of these materials. To combat the reactivity of
this superconductive compound with ambient mois-
ture, protective overcoats may be required to avoid
any degradation of tile ceramics during both storage
and operation.
NASA Langley Research Center
ttampton, VA 23681-0001
hfly 1, 1993
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Appendix A
X-Ray Diffraction Data
The XRD data presented in this appendix in tables A1 A13 are displayed ill terms of the diffraction angle
20, the relative peak intensity, and the phase identified by a peak occurring at this angle. The relative intensity
term I/Io is calculated by dividing the intensity of a peak by the intensity of the largest peak observed in tile
diffraction pattern.
TM)Ie A1. XRD Data for As-Produced YBa,,Cu3OT_j.
Diffraction angle,
20, (leg 1/Io Phase identified
22.8
32.7
38.6
-10..1
46.8
,17.5
58.4
58.8
68.8
10
100
15
20
35
20
40
25
25
YBa2CuaOT-x
YBa2CuaOT-_-
YBa2CuaOT-.
YBa2CuaO7-x
gBazCu3Or-x
YBa2Cu307-.
VBa 2 Cl1307-r
YBa')CuaO7__.
gBa2C(laO7-x
Table A2. XRD Data for YBa2CuaO7-.r Stored at
30.5 Percent Relative Humidity for 2 W('('ks
Diffraction angle,
20, deg
22.8
23.9
32.7
38.6
40.1
46.8
47.5
58.,1
58.8
68.8
UI,,
9
2.5
100
10
19
34
20
38
27
22
Phase identified
Ylla2Cu:_()r_.,,
BaCO3
YBa2Cu:_O>.
YBa2CuaO7_:,.
YBa2Cn:_()r_.
YI:la2 CuaOT-x
YBa2CuaOr-.r
YBa'2Cu:3OT- _
YBa2 C'll 3 ()7-J"
YBa2Cu:_O7-,
Tat)le A3. XRI) I)ata for YBa.eCuaO7_ _, Stored at
30.5 Percent Relative Humidity for ,1 Weeks
Diffraction angle, ]
20, [leg I/I,, Phase identified
22.8
23.9
32.7
38.6
40.4
46.8
17.5
58.1
58.8
68.8
8
5.8
100
13
22
33
18
,15
27
24
YBa2CuaO7_x
BaC() a
YBa2CuaO7-.
YB a 2 (?11:307-x
YBa2Cu:,_OT-z
YBa2Cu:_()7-.r
YBa2Cu307- r
YBa2CuaO>.
YBa2Cu307- r
YBa2CuaO>x
Table A4. XRD Data for YBa2C laO7-, Stored at
30.5 Percent Relative Hmnidity for 6 Weeks
Diffraction angle,
20, (leg I/Io Phase i(hmtified
22.8
23.9
27,9
29.4
32.7
38.6
40.4
46.8
47.5
52.6
53.2
55.2
58.4
58.8
68.8
6
6.5
5.8
,1.5
1 O0
13
19
30
17
5
4
6
43
27
24
YBa2 Cu:l()7_.,:
BaCOa
BaC()a
Y2 BaCuO5
gBa2 Cu307-x
YBa2Cu307- _
YBa2CuaO7-.
VBa2(hl3()7- r
"_"]]a2('u:_O7-.,.
BaCOa
BaC():3
BaCOa
YBa2Cu:_()7-:,.
YBa2 (?_La O7-.-
YBa2Cua()r-x
Table A5. XRD Data for YBa2CuaO>z Stored at
66 Percent Relative Humidity for 2 Weeks
Diffraction angle,
20, (leg
22.8
23.9
32.7
38.6
40.4
46.8
47.5
58.1
58.8
68.8
I/Io Phase identified
9
10
100
14
2O
35
22
43
25
24
YBa2Cu307-z
BaCO3
YBa2CuaO7-z
YBa2CuaO7-:r
YBa2Cu307-j,
YBa2Cu307-z
YBa2Cu3OT-x
YBa:_Cu3()7-j,
YBa2CuaO7-z
YBa2Cu3OT-s
Table A6. XRD Data for YBa2Cua()7-.r Stored at
66 Percent Relative Humidity for 4 Weeks
Diffraction angle,
20, (leg
22.8
23.9
27.7
29.4
32.7
38.6
40.4
46.8
47.5
52.5
58.4
58.8
68.8
UI.
9
11
6.5
4.5
100
15
16
28
2O
8
56
30
27
Phase identified
YBa2Cu:l()7-z
BaCO:_
BaCO3
Y2 BaCuO5
YBa2Cu3OT-j-
YBa2Cu3OT-;
YBa2Cu307-_:
YBa,2CuaOT-z
YBa2Cu3()7-,
BaCO3
YBa2Cu3OT-.r
YBa'2 Cu307-,
YBa2Cu3Or-.r
Tahle A7. XRD Data for YBa2CuaOr-x Stored at
66 Percent Relative Humidity for 6 Weeks
Diffraction angle,
20, deg
22.8
23.9
28.1
29.7
32.7
38.6
40.4
I/Io
7
13.5
7.5
5
100
18
18
46.8 36
47.5 16
51.7 9
53.3 7
58.4 47
58.8 27
68.8 26
Phase identified
YBa2CuaO7-z
BaCO3
BaCO3
Y2BaCuO5
YBa2CuaO7-.r
YBa2Cu307-,
YBa2CuaOT-z
YBa: CuaOr-x
YBa2CuaOr-.r
YBa2Cua()7-z
BaCO3
YBagCu3OT-,
YBa2Cu307-z
YBa2CuaOT-x
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TableA8.XRDDataforYBa2Cu3OT-_,Storedat
81PercentRelativeHumidityfor2Weeks
Diffractionangle,
20,deg I/I,, Phase identified
22.8
23.9
28.1
30.0
32.7
36.0
36.6
38.6
40.4
46.8
47.5
53.3
58.4
58.8
68.8
9
11.5
7.5
5
100
6
6
14
2O
36
16
9
47
27
26
YBa2CuaO7_x
BaCO3
BaCO3
Y2BaCuO5
YBa2Cu307_x
BaCO3
CuO
YBa2Cu307-_
YBa2Cu3OT-x
YBa2Cu3OT-:r
Yl_a2Cu3()7-_.
BaCO3
YBa2Cu3()7-j.
YBa2Cu3OT-_
YBa2Cu3OT-.r
Table A9. XRD Data for YBa2Cu307-x Stored at
81 Percent Relative Humidity for 4 Weeks
Diffraction angle,
20, deg I/I,, Phase identified
22.8
23.9
28.1
29.7
32.7
36.7
38.6
40.4
46.8
47.5
51.7
53.3
55.4
58.4
58.8
68.8
9
16.7
7
7
100
6
18
21
37
21
7
9
6
43
25
26
YBa2Cu3()r-a.
BaCO3
BaCO3
Y2BaCuO5
YBa2Cu3Or-x
CuO
YBa2Cu307-z
YBa2Cu3OT-or
YBa2Cu3OT-x
YBa2Cu3OT-z
YBa2 Cu30T-_-
BaCO3
BaCO3
YBa2Cu3OT-z
YBa2Cu307-s.
YBa2Cu3OT-_-
Table A10. XRD Data for YBa2Cu3OT-._ Stored at
81 Percent Relative Humidity for 6 Weeks
Diffraction angle,
20 deg I/Io Phase identified
22.8
23.9
28.1
29.9
32.7
36.7
38.6
40.4
46.8
47.5
51.7
53.3
55.4
58.4
58.8
68.8
9
20
8
9
100
10
14
20
35
22
8
10
8
43
25
24
YBa2Cu3()7-j,
BaC()3
BaCO3
Y2BaCuO5
YBa2Cu307-x
CuO
YBa2Cu3()7-_.
YBa2Cu3OT-z
YBa2Cu307-x
YBa2CuaOT-x
YBa2Cu307-x
BaCO3
BaCO3
YBa2CU3OT-,r
YBa2Cu3OT-_.
YBa2Cu3OT-x
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TableAll. XRDDataforYBa2Cu:_OT-xStoredat
100PercentRelativeHumidityfor2Weeks
Diffractionangle,
20,¢leg
22.8
23.9
27.8
29.5
32.7
35.,1
38.6
40.4
46.8
47.5
51.7
53.0
58.4
58.8
68.8
I/Io
8
15
7
8.5
100
14
24
17
31
15
8
6
52
28
25
Phase identified
YBa2CuaO7-:r
BaCO3
BaCO3
Y2BaCuO5
YBa2CuaO7-x
CuO
YBa2Cu307-a-
YBa2CuaOT-x
YBa2CuaOT-.
YBa2Cu307-x
YBa2CuaOr-z
BaCO3
YBa2CuaO7-_
YBa2CuaO7-x
YBa2CuaO7-.
Table A12. XRD Data for YBa2CuaO>_ Stored at
100 Percent Relative Humidity for 4 Weeks
Diffraction angle, I20, deg Phase identified
22.8
23.9
27.9
29.8
32.7
34.8
36.0
38.6
I/lo
,'14.4
45.3
46.8
47.5
49.0
58.4
58.8
68.8
9
25
7.5
5.4
100
4
10
19
17
10
35
14
6
61
33
28
YBa2CuaOT-x
BaCO3
BaCOa
Y2BaCuO5
YBa2CuaOT-x
BaCOa
CuO
CuO, YBa2CuaO7-.
YBa2CuaOT-x
BaCOa
YBa2CuaOr-x
YBa2CuaOr-z
BaCO3
YBa2CuaO7-:r
YBa2CuaOT-z
VBa2CuaO7-z
Table A13. XRD Data for YBa2CuaO7-z Stored at
100 Percent Relative Humidity for 6 Weeks
Diffraction20,(tegangle' ]
22.8
23.9
27.9
30.0
32.7
33.9
34.8
35.6
38.6
42.0
42.9
,14.4
46.8
47.4
49.0
56.0
58.4
58.3
58.8
61.0
61.2
62.1
68.8
I/Io
13
100
36.5
10
16
65
4
22
41
30
16
27
68
26
17
24
43
30
22
30
32
17
24
Phase identified
YBa2Cu3OT-x
BaCOa
BaCO3
Y2BaCuOr_
YBa2CuaOT-z
BaCOa
BaCOa
CuO
CuO, YBa2CuaO7-x
BaCO3
BaCO3
BaCOa
YBa2Cu307-_
Yga2Cu307-x
BaCO3
BaCO3
YBa2CuaOr-_
YBa2 Cll307-x
YBa2 Cu307-x
CuO
CuO
CuO
YBa2Cu307-x
11
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